Abs~'act -Lower Proterozoic stromatolites and associated clastic carbonate deposits of the Campbell Group, flom the southern margin (Prieska area) of the Kaapvaal Craton, northern Cape Province, are described. Contrary to previous interpretations (Beukes, 1978; 1980a) shallow subtidal to suprafidal facies are recognised and discussed in regional context. An alternative model for the facies development of the Campbell Group is proposed.
INTRODUCTION
The stromatolitic assemblages and associated sedimentary facies from the Lower Proterozoic Campbell Group of the northern Cape Province and of the Chuniespoort Group in Transvaal are described in many publications. Almost all of the descriptions concentrate on outcrop located in Transvaal and in the northern part of Griqualand West (Young, 1932; 1934; 1935; 1940 Eriksson, 1977 Erlksson andTruswell, 1973; 1974; Eriksson et at, 1976, Truswell and Eriksson, 1972; 1973, and many others) . These outcrops obviously caught the attention of investigators because of the stromatolites. In contrast, in the southwestemmost outcrop of the Campbell Group the situation is different. Owing to multiple folding and thrusting (Altermann and HRlbich, 1990 ) the outcrop condition in the Prieska region ( Fig. i) do not allow good lateral facies correlations. The primary structures are'obliterated by thorough recrystallization and the stratigraphy of the units is largely disturbed by tectonic overprint. However, in the interpretation of the Campbell sedimentary basin these outcrops play a key role, as the development of turbiditic basinal facies within the Campbell carbonates is claimed for the region south of the Griquatown Fault (Beukes, 1980b; . In this paper we present new information on the sedimentary facies and associated stromatolites from outcrops along the Orange River, i.e. from the southwestern margin of the Campbell Group outcrops in the northem Cape Province (Fig. 1) .
GEOLOGICAL SETTING
Sedimentation of the Transvaal Supergroup on the Kaapvaal Craton started with the Vryburg Sflstone Formation (SACS,1980) consisting of shales, quartzites, siltstones and subordinate volcanics.These rocks rest unconformably on the 2700 Ma old (Armstrong et at, 1986) volcanic Ventersdorp Supergroup. The Vryburg Formation is conformably overlain by the Campell Group consisting of the lower Schmidtsdrlf Formation and the Ghaap Plateau Dolomite Formation. The latter is in turn conformably overlain by the Asbestos Hills Banded Ironstone Formation of the Griquatown Group (consisting of Kuruman and Griquatown Iron Formations and hereafter referred to as BIF). The minimum age of the BIF is generally considered to be 2240 Ma, as thls age was obtained from the Ongeluk Andeslte Formation (Walraven et al., 1982) which unconformably overlies the BIF. Recently a preliminary age of 2500 Ma was determined for the volcanlclastic intercalations in the BIF (Armstrong, pers. communication,1989) . According to this data, deposition of the Campbell Group should occupy the tlme span between the uppermost Archean and lowermost Proterozoic.
While the thickness of the Vryburg Formation remains constant between 75 and 100 metres, the thickness of the Campbell Group increases considerably from south to north. The Schmidtsdrif Formation is between 3 and 275 metres and the Ghaap Plateau Formation between 900 and 1600 metres thick, respectively (SACS, 1980) . 
PREVIOUS WORK
The transition of the siliciclastic to carbonate sedimentation in the Campbell Group was described by Visser and Grobler (1972] . These authors identified several interlayered sfliciclastic and carbonate facies in the area northeast of Schmidtsdrif, along the escarpment bordering the Vaal River. They ascribed the mixed facies development to transgressive phases on tidal fiats and proposed to give these transitional beds formation rank (Schmidtsdrff Formation), which was accepted by SACS (1980) . From the shape of the stromatolite bioherms and from paleocurrent directions (NE-SW) Visser and Grobler (1972}, concluded that "open ocean" bordered the tidal fiats on the northeastern side, thus implying that the land must have lain to the southwest. Beukes, 1977 gave detailed facies description and interpretation of the transitional strata between the Black Reef Formation (Vryburg Silstone Formation of SACS, 1980) and the Schmidtsdrift Formation (Schmidtsdrif of SACS, 1980] from an area situated some 150 km north of Schmidtsdrif.
According to Beukes (1977) , the transition between the two formations takes place through a number of siliciclastic, fining-upward cycles followed by mixed siliciclastic/carbonate cycles (argillite -quartz arenite -dolarenite -cryptalgal dolomite) and eventually by carbonate cycles (o61itic dolomite -cryptalgal dolomite -dolomitic arenitel. The siliciclastic cycles represent subtidal to tidal fiat deposits connected to open sea. The mixed cycles represent transgressive tidal fiat deposits (clastics) and prograding carbonate subtidal -tidal fiat deposits (dolarenite -cryptalgal dolomite). The sedimentation mechanism is explained in terms of rapid transgressions which led to silicicastic sedimentation, followed by stabilization of sea level and development of carbonates on prograding tidal fiats. These tidal fiats were submerged during repeated transgression, but were succeeded by conditions which favoured carbonate deposition. The NE-SW palaeocurrent directions measured by Beukes (1977) , are in agreement with those of Visser and Grobler (1972) .
The stromatolites and sedimentary facies of the Ghaap Plateau Formation were first described by Young (1928) and by Young and Mendelssohn (1948) . Young (1928) initially ascribed the stromatolitic structures in the Campbell Rand Dolomites to pressure phenomena, but in a later series of papers, Young (1932; 1934; 1940; 1945) , recognlsed the bio-sedimentary origin of these structures. Truswell and Erlksson (1973) investigated the basal beds of the Campbell Group at the Campbell Rand escarpment, some 50 km north of the locality described by Visser and Grobler (1972) and 100 km south of the locality described by Beukes (1977) . In 160 metres of nearly continuous section, Truswell and Eriksson (1973) distinguished four main facies variations:
dome-shaped stromatolites of varying size and relief; columnar stromatolites of various sizes, including branched, tabular and domal forms; spheroidal forms which are not always of clearly organic origin and are commonly associated with tabular masses and rarely with domes and columns. Breccia fragments and ripple marks are mentioned within this facies; low-relief, crinkled and (rarely) laminated stromatolites.
From these stromatolitic facies and the associated sedimentary structures a tidal fiat model was developed by Truswell and Eriksson (1973) . This concept leans strongly on Irwin's (1965) carbonate shelf model and Logan's (1961) observation that dome-shaped stromatolites increase in size and relief with depth of water in the intertidal zone. Furthermore, the authors extended their concept into the subtidal regime occupied by giant domes (up to 10 by 40 metres in plan and 13 metres high). In the measured 160 metres section transgressive and regressive cycles within the supratidal to subtidal range were recognised. From the eastwest elongation of the stromatolite domes, Truswell and Eriksson, 1973 concluded that the tidal currents flowed normal to the approximately north-south trending shoreline. Beukes (1978) investigated the facies of the Campbell Group over the entire norther Cape Province (Fig. i) . He distinguished I0 major lithofacies which were subdivided into several subfacies. The major lithofacies are: 1) quartz arenite; 2) argillite; 3) clastic-algal laminated carbonates; 4) columnar-stromatolitic dolostones and limestones; 5) giant domal dolostones and limestones; 6) domal dolostones and limestones; 7) dolostones and limestones with disturbed algal mats and fenestral fabrics; 8) arenitic carbonates; 9) brecciated carbonates; 10) chert.
Furthermore, Beukes (1978) mapped out several stratigraphic formations within the Ghaap Group and distinguished between two main facies types:
the Ghaap Plateau facies in the basin interior; the Prieska facies along the south-westem basin margin.
According to Beukes (1978) the Ghaap Plateau facies only occurs in the areas north of the Griquatown Fault Zone, while the Prieska facies is restricted to Beukes' (1978) Nouga Formation, which represents the entire carbonate Ghaap Group south of the Griquatown Fault Zone. North of this fault zone, the Prieska facies is represented by the Monteville Formation at the base and by the Gamohaan Formation at the top of the Ghaap Group. Both formations pass laterally into the Nouga Formation (Fig. 12) .
Since the detailed description of the Prieska facies was published only in Afrikaans (Beukes, 1978; 1980a) and the later description Beukes, 1987 differed from the earlier papers, we feel that discussion of this description is necessary to understand the problems in Beukes' later (1983; 1987; interpretations of the Pl-leska facies, and of the entire depositional basin of the Ghaap Plateau carbonates. Beukes (1978) presented type sections for both facies and described the Prieska facies as consisting exclusively of his lithofacies 3 (clastic -algal laminated carbonates) and 7 (dolostones and limestones with disturbed algal mats and fenestral fabrics). Later Beukes (1987) described Conophyton stromatolites in the Prieska facies. Beukes (1980a) specified facies 3 as a horizontally laminated facies that does not contain any domal stromatolites. As in his 1978 thesis, Beukes (1980a) subdivided this lithofacies into subfacies ofsapropelic carbonate mud occurring together with microlaminated algal mats and massively laminated clastic carbonates, as well as clastic laminated dolomites and limestones and Fe-rich dolomites and limestones. The facies of fenestral fabrics and SH-I algal structures (subfacies of Beukes', 1978 facies 7) was described as being best developed in the Gamohaan Formation, i.e. the uppermost formation of the Ghaap Group, and less well developed in the Nouga and MonteviUe Formations. The Ghaap Plateau facies (Reivilo, Fairfield, Klippan, and Kogelbeen Formations) was described as consisting of facies 2-10. It seems clear from Beukes' (1978) description and from the application of the facies concept of TrusweU and Eriksson (1973) that the Ghaap Plateau facies consists of several shallowlng-upward (regressive) cycles each followed by a transgression (Fig. 12) . The cycles usually start with various domal stromatolites or giant domal bioherms (facies 6 and 5) and pass upwards into columnar stromatolites, fiat-lamlnated algal mats with fenestral fabrics and SH-I structures, clastic carbonates, and cherts. This interpretation was suggested by Beukes (1978; 1987) , where the Ghaap Plateau facies is described as carbonate platform facies.
The Prieska facies, in which no domal stromatolites are present (Beukes, 1978) and which comprises clasUc-algal laminated carbonates, Fe-rich banded cherts, SH-I structured algal mats, and algal laminites with fenestral fabrics, must be interpreted as low energy tidal fiat and supratidal environments. However, this facies is interpreted in Beukes' (1978) thesis as basin facies consisting of pelagic muds, euxinic facies (based on pyrite abundance) and intercalated layers of turbiditic origin, showing graded bedding.
Later, Beukes (1980b; 1987) classified the Prieska facies variously as "endoclastic basinal" facies, "carbonate turbiditeswith Fe-dolomite, chert and basic tufts", "pyritic carbonaceous shale of euxinic basin" and "ankerite banded chert at the transition between etmlnic basin and deep shelf' environment (Beukes, 1983; Fig. 4-7, pp. 153-154) . Although a carbonate turbiditic facies, i.e. allodapic limestones, is inconsistent with the facies described above for the Prieska facies, this interpretation is evident in all papers (Beukes, 1980b; 1987; Klein et al., 1987) based on Beukes' earlier (1978; 1979; 1980a) work. But poorly developed graded bedding is described only in association with the "curly algal mats" (facies 7) inthe Prieska facies. The SH-I structures of Beukes (1978) closely resemble desiccated algal mats described by Kendall and Skipwith (1969) from supratidal deposits. The abundance of fenestral structures was mentioned and a comparison to facies described by Kendall and Skipwith (1969) was made Beukes (1980a, p. 150 and Fig. 6c ). Beukes (1978, p. 252) could not find any example for his interpretation of the Prieska facies in the geological literature. In our opinion this interpretation is incorrect, the confusion resulting from the rare presence of graded bedding.
The depth estimates of Klein et al. (1987) followed Beukes' (1978) interpretation. These authors described filamentous microfossils from the Gamohaan Formation in the vicinity of Danielskufl and modified the facies interpretation, which disagrees somewhat with Truswell and Eriksson (1973) and Beukes (1978) . The giant stromatollte mounds are described as a part of shallow water carbonate platform occupying depths between 5 and 10 metres, and above the Conophyton type stromatolites, which are ascribed to depths of 15 to 30 metres. The break in slope between deep shelf and euxinic basin from where the filamentous microfossils were sampled was estimated to be 40 to 45 metres in depth and the maximum depth of the euxinic basin environment as 60 to 80 metres.
NEW INVESTIGATION8
In the course of regional studies on the Transvaal Supergroup in the area between Prieska, Boegoeberg Dam and Niekerkshoop (Fig. 1) , severalvertical sections through-the Ghaap Group carbonates were measured. These sections, together with the sedimentary facies a/mlysis, are depicted on the following pages.
To distinguish between various carbonates in the field a solution of HCL with Alizarin red S and potassium ferricyanide (Miller, 1988 5cht. Laminated cherts and ferruginous cherts (silicified facies I-4).
6tuf. volcanic surges, lapflli tufts and tufts. All the observed lithofacies are closely associated and alternate or interfinger with one another.
CL~Tm C~L~O~ FAC~
Clastic carbonate facies are characterised by carbonate particles that were formed in the depositional realm and transported and redeposited within short distances. Such particles are often regarded as "/n s/tu clastics" The particles consist predominantly of sand-and silt-to clay-sized grains of algal and peUetal origin, although inmost cases it is impossible to distinguish between the two origins. Terrigenous intraclasts are very rare in the studied sections but the lime-mud layers can be marly and contain a significant proportion of clay minerals. The clastic carbonates are subject to widespread secondary, diagenetic dolomitization and silicificatlon. These secondary processes often obscure the primary texture to such an extent that the original rock may have been of elastic or algal origin. Such cases are included here with the elastic facies.
Xla. Laminated calcareous, dolomltic and ferruglnous mudstones (Fig. 5c} Description: The laminated carbonate mudstones form centlmetre to decimetre thick beds, the laminae usually being one to five mill/metres thick. The lamination can be gently undulating or fiat and regularly or irregularly spaced. The facies is carbonaceous and pyrite nodules and crystals are common in some beds. Ferruginous mudstones are usually better laminated than dolomite or limestone.
lle. Lentlcnl~r calcareous, dolomitic and ferruginous mudstones
Description: Lenticular calcareous, dolomitic and ferruginous mudstones are directly associated with facies lla, with which they can laterally interfinger. The lenses themselves often show distinct lamination. The lenticular bedding may have formed either by erosion (see facies lri.) or more likely by concretionary processes that produced '%iscuits" (Mawson, 1929) and "snuffboxes" (Gatrall et at, 1972) arranged in stratiform layers (Fig. 6b ) separated by laminated mudstones (facies lla.). The '~iscuits" are often Fe-rich with respect to the host laminite strata.
lri. Rippled calcareous and dolomitic mudstones
Description: Only erosional and wave ripples were found in this facies. The wave ripples are one to two cm high while the erosional (longitudinal) ripples can be up to 10 cm in height and 25 cm in wave-length. The erosional character is evident from the fiat lamination of the sediment (facies lla.), which can be followed in idenUcal sequences from ripple to ripple, across the ripple troughs (Fig. 6a) . Their Crests can be slightly asymmetrical and gently curving. This facies is always interlayered with facies lle.
Interpretation of facies lla -Iri: In the outcrops discussed in the present paper the elastic origin is not always clear in the field and has been assumed because of the evidence from layers in contact with the mudstone strata. Clear evidence is, for instance, the presence of small wave ripples. On the other hand, the '~>iscuits" and "snuffboxes" 419 occur ~ s/tu and only their host sediment can be regarded as elastic. Laminated carbonate mudstones are the commonest lithology. Palaeozoic to Holocene laminated carbonate mudstones are known to accumulate in supratidal to subtidal environments, but are best developed in restricted bays, ponds and lagoons of increased salinity (Wilson, 1975) . However, this is based largely on the destruction of lamination in the Phanerozoic subtidalites by burrowing organisms and must be excluded for the Proterozoic. Nevertheless, the association of facies lla., lle. and lri. suggests an environment of tidal fiats. Longitudinal ripples are most typical of intertidal fiats (Van Straaten, 195 I) where they form by erosion of muds through tidal current action. Their shape depends on the grain size of the sediment and the force of the current which formed them. According to Van Straaten (1951) the crests of longitudinal ripples in mud are long, parallel and straight while they become shorter and more curved with increasing grain size. In the case of carbonate mud the curved shape and the short length (one to two metres) of the longitudinal ripples can be explained by the lower adhesion forces of carbonate grains compared to clay minerals. Although algal "biscuits" are known also from subtidal environments, a typical association of intertidal fiats is that of "biscuits" and longitudinal ripples. Holocene "biscuits" are typically developed in the Woakwine Range (southeastern coast of Australia) in tidal fiats, flooded by some 10 om of water during the wet winter season but above the water table during the summer, Mawson (1929) . Whether their origin is biogenic or diagenetic is not clear. Truswell and Eriksson (1972) described blscuit-like structures associated with oncolitic facies from the Malmani Dolomite in Transvaal. The Jurassic "snuffboxes" from southern England occur together with oncolites and stromatolites in a turbulent, shallow environment under the influence of river drainage (Gatrall et at, 1972) .
21a. Laminated calcareous and dolomitic and ferruginous calcarenites
Description: This facies is characterised by thin layers (< 10 cm) of arenitic algal debris. The lamination varies on a millmetre to centimetre scale and is chiefly fiat and parallel, rarely lenticular. In some layers a tuffaceous influx is recognised in the field by the slightly greenish colour caused by chlorite in the volcaniclastic sediment. These strata are interlayered with carbonate mudstone facies and partly with facies 2cr. The lower contacts are always sharp and upper contacts mostly gradational. Strong recrystallization often obliterates primary structures. The facies consists mostly of dolarenites. Interpretation of facies 21a. to 2cr.: In the intertidal to subtidal higher energy regime carbonate sands chiefly occupy tidal bars or beaches, channels and levees. Where the planar and trough cross-bedded arenites occur, they often fill channel structures, but are also arranged in large lenticular bodies. This facies is interpreted as subtidal, marginal marine channels. The lenticular calcarenites are interpreted as levee deposits. The laminated, ripple cross-laminated and occasionally graded arenites can be interpreted as spring tide deposits or storm deposits, (Aigner, 1985) . According to Walther's Law this interpretation is more plausible than a turbidite origin for the graded beds (Beukes, 1978) .
3br. Intrastratal breccias (calcirudites) Description:
The brecciated beds are usually only a few millimetres thick and seldom reach 50 ram. They are very rare in the studied sections and are associated with laminated mudstones or algal laminites. The breccias are always of the fiat pebble type, and can be clast-or matrixsupported. Imbrication was also observed. The clasts are usually uniformly sized within the same layer. Their size varies from several millimetres to 3-4 centimetres from bed to bed. In some cases where bedding surfaces are exposed, the fiat polygonal breccias are/n situ but exhibit some slumping, so that single pieces form a fitted mosaic. There is a striking association of this facies with sflicffication and many laminated chert sequences contain thin intrastratal breccia horizons. In some cases these intrastratal breccias accompany intrastratal disconformities.
Interpretation:
The good sorting and the thin bedding of the fiat pebble breccias excludes basin slope deposit origin. They are therefore intrpreted to be of shallow marine origin. In subtidal regimes incipient brecciation is common (McIllreath and James, 1980}. Periodic subaerial exposure is documented by the presence of intrastratal disconformities, which are especially common in cherts. Brecciation by collapsing of beds rich in fenestrae, or collapsing after dissolution of evaporite minerals during repeated flooding of the already desiccated strata has been described by James (1980) . Brecciation and formation of polygons by the force of crystallization is also known from supratidal environments (James, 1980) . Brecciation by collapsing and slumping would most probably apply to the polygonal fiat pebble breccias, which are often associated with stratiform algal mats with abundant fenestrae or "chicken wire" structures (see facies 4str.). Such breccia could then be subjected to redeposition by wave action and tidal or longshore currents. A similar interpretation for the chert breccias occurring in the Eastern Transvaal was given by Eriksson eta/., 1976 .
STROMALITE FACIES
The distribution of stromatolites is controlled by various factors such as desiccation, sedimentation, cementation and erosion (Hoffman,1976) . Throughout the Phanerozoic to the Holocene the distribution of stromatolites has been controlled also by the browsing and burrowing activity of metazoan organisms (Garrett, 1970) . Holocene subtidal stromatolites are rarely developed in normal marine environments (Dravis, 1983) , whereas the lack of grazing metazoans in the Proterozoic allowed the stromatolites to spread into the subtidal regime below wave base (Truswell and Eriksson, 1973) .
The gross morphology of stromatolites is controlled by the hydroenergy level and the direction of paleoflow (Logan etat, 1974) . This control mechanism obviously remained unchanged from the Archean onward (Hofmann, 1969; Logan et at 1974; Beukes and Lowe, 1989) . In the Prieska facies only centimetre sized Conophyton structures, stratfform algal mats and oncoidal spheroids were found. As Beukes (1978; 1980a) observed, large columnar and domal structures are absent.
4str. Stratiform stromatolite facies (blistered fabric}
Description: Blister algal mats were found in the Prieska facies of the Nouga Formation. The facies consist of flat to gently wavy and rarely curly micritic laminae (Fig. 5d) . The algal laminations are usually about a millimetre thick and contain lenticular bodies of carbonate mud and arenite. Continuous and discontinuous laminae are common and occasionally accompanied by brecciation as well as small scale slumping (Fig. 6c) . Complete sflicification is restricted to a few horizons, but chert lenses occur scattered throughout. Blisters can be up to 2 cm across and in some strata are perfectly preserved as hollow, domal shapes (especially when silicified early). However, most of the strata exhibit blisters that have collapsed or have been deformed by secondary processes and filled by calcite or quartz. Irregularly spaced, silicified and calcified fenestrae of all shapes are most abundant, but upright and fiat crystalline quartz inclusions forming a "chicken wire" pattern in the rock are also common. "Chicken wire" patterns are most abundant in stratiform stromatolites on the Orange View and Buisvlei farms.
Interpretation: Studies in the Hamelin Pool basin of Shark Bay (Australia) have shown that blistered mats are restricted to low energy intertidal and supratidal (blister) environments (Logan et al., 1974; Hoffman, 1976) . Other Recent examples for stratiform stromatolites are known from Andros Island in the Bahamas (summary in Shinn, 1986 ) and the Trucial Coast of the Persian Gulf (Kendall and Skipwith, 1969) . Precambrian analogues of these Holocene stratiform stromatolites are also interpreted as inter-to supratidal (for example : Hoffman, 1974; Eriksson et al., 1976; Beukes and Lowe, 1989) . Algal mats in the Prieska facies were described by Beukes (1978; 1980a) as SH-I structured. Evidence for supratidal and intertidal Conditions in the strata described is given by the abundance of fenestral and "chicken wire" structures. The quartz crystals filling these structures have been separated from the rocks and their crystal shapes studied. Microscopically they are irregularly shaped with trapezoidal or rhomboedral imprints on the surface. They are regarded as pseudomorphs after evaporites (gypsum?). The facies of stratiform stromatolites is interlayered with carbonate lutites in sequences only a few decimetres to metres thick and forms a typical intertidal/supratidal shallowing-upward sequence (James, 1980) . 4pol. Stratiform stromatoHte facies with polygonal cracks (Fig. 5a ) Description: This subfacies of facies 4str.
consists of carbonate rocks identical to those described above, but the algal mats are desiccated into polygon structures displaying V-shaped cracks ( Fig. 5a} . The polygons are regularly shaped, between 5 and 10 cm across. The cracks are only a few millimetres deep but they developed above a vertical discontinuity in the algal laminations that forms a shallow saucer-shaped concave '~owl" when observed oblique to the bedding. The cracked stromatolites occur in stacked layers up to 20-40 cm thick. In many cases a one or two miUlmetre thick carbonate mud or silt "pond" has been deposited in the polygon centres.
Interpretation: The V-shaped cracks as well as the perfectly developed polygonal mosaic clearly prove that the cracks are desiccation features. To our knowledge, no synaeresis cracks are known in carbonate environments (comp. Shinn, 1986 and Smoot, 1983 ). Therefore we must interpret this facies as supratidal, inundated only during spring tides, storm floods or rains. Mudcracked supratidal stratiform stromatolites were first described by Black (1933) Interpretation: Awramik (1971} described Conophyton to be the most abundant stromatolite type in the Precambrian and according to Walter (1989) Conophyton is the characteristic stromatolite of quiet subtidal environments in the Early and Middle Proterozoic. Donaldson (1976) described small Conophyton structures ranging into the intertldal. However, since the columns are never higher than I0 cm, the subtidal environment must have been very shallow. The small Conophytons separated by stratiform cryptalgal laminae are interpreted as lower intertidal environment.
4one. Oncontlc/plsolltlc stromatolites (Fig. 6d ) Description: The origin of the spheroidal structures is not clear. They could be either inorganic pisoids or algal oncoids. They may attain 10 cm in diameter, but are usually between 2 and 6 cm and of the SS-C, SS-I and SS-R types (Logan et a/., 1964} . SS-C types are the most common, while SS-I types are very rare. The laminae of the spheroids are in the mm range and commonly formed upon a round or elongated, Fe-rich, haematitic (?) concretion, usually smaUer than i cm in diameter. The structures are more ferruginous than the enclosing sparitic -arenitic carbonates. Closelyspaced spheroids aggregate to elongated composite structures with long axes of up to 10 cm. The spheroidal structures occur supported by an arenitic matrix and concentrated in layers intercalated with facies lla. and 21a.
Interpretation: Truswell and Eriksson (1973) described spheroidal structures of inorganic or organic origin, found in tabular masses, rarely associated with domal or columnar stromatolites. Their facies description implies an intertidal to agitated subtidal origin for the oncoids and/or pisoids. Oncolites usually form in shallow subtidal environments and their size increases with increasing water turbulence (Peryt, 1977; Flfigel, 1982) . Inversely stacked hemispheroids (SS-I) and randomly stacked hemispheroids (SS-R) of Logan eta/. (1964) require periodic inversion of the spheroidal structure to allow new concentric layers to accumulate. Turbulence in the depositional realm is also evident from the arenitic matrix. Therefore the spheroidal structures grew in an environment above wave base. This environment could consist of either subtidal ponds on tidal fiats or an open subtidal slope on a carbonate ramp. In the Stolbakkies section the oncoidal/pisolitic sparite is associated with mudcracked carbonate mudstone. The mudcracks are V-shaped and form large polygons up to 20 cm across. They are entirely filled with whitish chert, whereas the polygon interior is also filled with round chert patches (Fig. 5b) . These polygons are regarded as desiccation cracks. Such a syngenetic chert within desiccation polygons was described by Harris (1958) . Apparently the tidal ponds were subject to some desiccation or the subtidal fiat was shallow enough to be exposed during extremely low tides.
~ht. Laminated cherts and ferruginous cherts
This facies is a subfacies of facies 1 and 4. The cherty siliciflcation is secondary and the primary carbonate facies was described above.
6tuf. ~
and tuffites This facies consists of bedded, cross-bedded, and graded tephra with accretionary lapilli (phreato-volcanic surges and ash falls). The volcanic rocks of the Nouga Formation will be the subject of another paper.
FACIES RELATIONSHIP IN REGIONAL CONTEXT
The arrangement oflithofacies sequences can be deduced from the sections in figures 2 and 3. From these sections it is evident that the different facies comprise a shallowlng-upward cycle from subtidal to supratidal environment.
For comparison with more complete shallowingupward sequences from the Campbell Group, a section through the upper Kogelbeen Formation and the Gamohaan Formation was recorded at Kuruman Kop near Kuruman (Fig. 4) . Here domal, columnar and cauliflower stromatolites representing subtidal environments, are exposed. The shallowing-upward cycles generally start with domal stromatolites, which consist of curly laminated mats (LLH-S/LLH-C). The domal structures in the studied section do not exceed 50 cm in height but larger domes exist lower in the stratigraphic section. The domes are closely spaced, but either separated or laterally linked near the base (SH-C-->>LL-S-->>LL-C). The space between the domes is generally filled with pelsparitic grainstone. Where the cycles are more complete the domes pass upward into columnar stromatolites of generally unbranched cylindrical and rarely bifurcating cylindrical columns (SH-V-->>LLH-C-->>SH-V). The stromatolite columns are occasionally linked by thin laminae, but the intercolumnar space is usually filled with pelsparitic gralnstones (SH-VD>>SH-V; Co/umno-co//en/a and Kusiellalined by Co//en/a structure). The columns are up to a few decimetres high. These columnar stromatolites most probably represent a higher energy subtidal environment. Above the columnar structures thin horizons of Conophyton columns up to 10 cm high may be developed. The columns are regularly spaced, inclined and linked by thin laminae separated by large blisters filled with coarse, sparry calcite. The uppermost few centimetres of these structures are subject to small scale slumps and they are usually covered by a thin veneer of dark carbonate mud. The Corwphytnn mats are completely barren of clastic carbonate. They probably indicate an upper subUdal environ- d. Stratlform stromatollte facies (4str.) with recrystalllsed, partly quartz-filled fenestme (arrows). Note the U-shaped nature of the uppermost part of each stronmtolltic cycle. In a three-dimensional exposure these structures appear as polygons and are probably ill-developed desiccation structures. ment. Clastic carbonates and stratiform mats represent intertidal environments higher in the section, but upper intertidal facies and desiccated mats were not found near Kuruman.
More complete descriptions of lithofacies in the Ghaap facies are given by Young (1935) , Truswell and Erlksson (1973) , Beukes (1978; 1980a) and Klein et oL (1987) . Similar shallowing-upward cycles consisting of giant domal stromatolites at the bottom, which pass up into columnar structures, and finally into intertidal sands and inversely (growth) graded o01ites were recently described from the eastern Transvaal (Clendenin, 1989) . Note the sparry calcite fillings of the cavities originated within the slump structure. They indicate that the slumped beds were already partly cemented and therefore did not collapse. d. Oncolitic facies (4onc.). Ferruginous oncolltes embedded in dolarenite. The large structure in the middle of the photograph is composed of three smaller oncolltes. cation III.C Ferruginous ('ankeritic") laminites I. ~c~ c~mO~TS mmsm~rre
Allochemical carbonate sediments are characterised by the predominance of intraclasts formed within the depositional realm and have suffered some transport (Folk, 1959) . They are very rare in the studied material. The carbonates may be epigenetically sillcified or overprinted by stylolites, forming stylo-breccias.
IA Intrael~tie pack/rudstones (Figs 7a, b)
Description: These are clast-supported fiatpebble conglomerates, mostly subangular, but also well-rounded, often imbricated or cross-bedded lithoclasts in a micrite to sparry calcite matrix. The lithoclasts are derived from the reworklng of microfacies type III_~ (laminites with delicate parallel lamination). They are 4 -8 mm thick and 8 -15 mm long. In a sample from Klein Naute most of the lithoclasts show thin ferruglnous envelopes (Fig. 7b ) that penetrate unevenly into the grains. They are therefore classified as cortoids (FIQgel, 1982) .
Interpretation: Agitated shallow water environments are indicated by the reworking of laminites of probable cryptalgal origin (see microfacies III. A), as well as by the well-winnowed sparry calcite matrix. Moreover, the cortoid formation is attributed to endolithic micro-organisms (e.g. bacteria, cyanobacteria), which are expected to flourish in warm shallow water environments; the formation of cortoids also depends on at least episodic turnover of the grains. Flat-pebble conglomerates with micritic matrices probably were transported into deeper-water realms below wave base.
I.B Oncolitic pack-/rudstones
Description: Oncoids with diameters of 5-50 mm are embedded in a coarse-gralned, blocky sparitic matrix. The ferrnginous, micritic oncoids are well-defined concentric layers. SS-C, SS-I, SS-R, and composite types are common. Spar intaclasts are oi~en developed as cortoids.
Interpretation:
The formation of SS-R and SS-I oncoids requires periodic overturning of spheroidal structures. The sporty calcite matrix suggests a rather turbulent environment, where sporadic currents and waves were active. These forces were probably triggered by storms in a subtidal environment, above wave base or lagoons of low sedimentation rates (Flfigel, 1982) .
H. Ca~A~GXL mm~s'ro.~s
Cryptalgal bindstones originate from the sediment-binding and/or mineral-precipitating activities of non-skeletal algae (mainly cyanophyceans/ cyanobacteria) and bacteria (Aitken, 1967; Monty, 1976) . These bindstones are characterised by dense algal laminations exhibiting an irregular anastomosing fabric. Well-defined, laterally persistent sedimentary layers of differing consistency and fabric, like those in laminites, are missing. Using the standard microfacies types (SMF-types) introduced by Flfigel (1972; 1982} and Wilson (1975) , cryptalgal bindstones would correspond to SMFtypes 20 (algal stromatolite mudstone) and 21 (spongiostrome mudstone), whereas laminites would have to be grouped with SMF-type 19 (laminated pelleted mudstone/wackestone, loferite).
II.A $tromatoolitic cryptaigal bindstones (Figs 9b, c)
Description: Stromatol/tic domes in samples from Orange View are clearly of Conophyton type, built up of fine, very regular laminae ofpeloids and associated micritic filaments, both supposedly of cryptalgal origin. The characteristically conical peloid/filament laminae are grouped together in layers a few mm thick. They are differentiated from one another by the degree of packing, thus forming alternately spar-dominated and component-dominated layers. Large, spar-filled fenestrae situated close to the axis of Conophyton (Fig. 9c) were tentatively attributed to the entrapment of gasbubbles (Donaldson, 1976) . The Conophytons form approximately 5 cm high, 3-4 cm wide, isolated domal structures with pronounced vergence. They developed from a less updomed, more irregular, partly oncolitic base.
Interpretation: Middle and Upper Proterozoic Canadian Conophytons were interpreted to range from subtidal environments below wave-base to intertidal environments (Donaldson, 1976) . Shallow subtidal to intertidal specimens were described as small, discrete, distinctly inclined columns, 3-10 cm in diameter. These strongly resemble the Orange View specimens. In the case of the Orange View Conophytons, shallow agitated water is also suggested by the oncolitic base of the cryptalgal structures.
II. B Laminated cryptaigal bindstones (Figs 8a, b; 9a}
Description: These bindstones show a typically irregular, wavy to wrinkled, laminated fabric consisting of alternately micrite-dominated and spardominated layers, each some millimetres thick (Fig. 8a) . The micrite-dominated layers may form microdomes and incipient nodular structures. They partially preserve irregularly distributed agglutinated cryptalgal peloids (Fig. 8b) . Trapping of tiny sparitic intraclasts and small detrital quartz grains is common in samples derived from the Vryburg Formation transitional beds to the Campbell carbonates {Fig. 9a). Fenestral fabrics (laminoid fcnestrae, birdseyes} are represented by cavities filled with blocky spar {Fig. 8b}. Geopetal fabrics are formed by inflll of sediment which is topped by blocky sparite in a few stromatactis-type fcnestrae with relatively fiat bases and irregular roofs {Fig. 9a).
The sediment consists of dolomite or ferruginous dolomite. Some of the spar-dominated layers are eplgenetically silicified.
Interpretation:
In Phanerozoic times, cryptalgal bindstones and associated fenestral fabrics occurred preferentially in protected intertidal to marginal supratidal environments. They are wellstudied in contemporary sedimentary settings. The microfacies type here described is tentatively linked to the morphologically diversified and widespread smooth cryptalgal mats, that are confined m _~Jnly to the lower intertidal zone in contemporary sediments from Shark Bay, Western Australia Logan et al. (1974}. Eriksson and Truswell (1974) and Eriksson (1977) noted remarkably similar facies types in the Lower Proterozoic carbonate sediments of South Africa and suggested a deposition in analogous sedimentary environments.
II.C Laminoid cryptalgal bind,tone, {Fig. 9d}
Description: No distinct lamination as in the microfacies type II. B (laminated cryptalgal bindstones} is seen in the strongly ferruginous sediment. Large, irregular, spar-filled fenestrae, arranged more or less horizontally, are abundant. Ferruginous cryptalgal (?) lumps are common.
Interpretation: This microfacies type is comparable to blister algal mats (Logan eta/., 1974) which are known from Holocene upper intertidal fiats supratidal zones and also occur in the Lower Proterozoic of Transvaal, South Africa {Eriksson and Truswell, 1974) . sample WA88/332b. c: Vergent Conophyton with large spar-filled fenestrae which might be due to the entrapment of gas bubbles; sample WA88/332a. d. Microfacies II. C-Laminoid cryptalgal bindstone. Large, irregular fenestrae and lumps in a strongly ferruginous sediment without distinct lamination; sample WA88/294.
HI.~
Laminites are the most common facies type encountered. Although an essential contribution of cryptalgal structures to sediment formation can be proved in many cases, a d/fferentiation into single, well-defined and latrally persistent, often microlayered laminae of different consistency, fabric, and thickness is obvious. Thus, laminites are clearly distinguished from the more irregular and interwoven habit of cryptalgal bindstone laminae. The laminite facies corresponds approximately to standard facies type 19 (laminated pelleted mudstone/wackestone) of Flfigel (1972; 1982) and Wilson (1975) .
In general the laminites document quiet, mostly undisturbed sedimentation. Only a few samples, all belonging to microfacies type IIIa (lamlnites with dellcate parallel lamination), record smallscale sedimentary disturbance and transport. This includes slump/ng of horizons maximally 2 cm in thickness (Fig. 1 ld) and channeling of up to 1 cm thick horizons. Sedimentary breaks are documented by Fe-impregnated hardgrounds associated with relief-forming solution/erosion of underlying laminae and overgrowth by millimetresized, low domal ferruginous stromatolites respectively (Fig. 10c) , and by desiccation cracks (Fig. lOd) . (Figs 10c, xl; 1 la, c. d) Description: This microfacies type is characterised by strongly parallel, millimetre-sized, alternate feruginous carbonate laminae and spardominated laminae which may be epigenetically sflicified. The thickness of the individual laminae is subject to minor modifications. In gneral, ferruginous layers, often "one-grain-laminae", are thinner than spar-dominated layers (Fig. 11a) . Although essentially planar and parallel, slightly crinkled or wavy ferruginous laminae predominate. Therefore the ferruginous laminae are interpreted to represent mineralised cryptalgal structures. This is clear not only by virtue of their dominantly crinkled structure, but also by the existence of clothed cryptalgal peloids in both spar-dominated and ferruginous laminae (Fig. 1 lc) , as well as the presence of ferruginous, low domal, cushion-llke micro-stromatolites in the associated microfacies type III.C (Ferruginous laminites; compare Figs 10b, c) . In several plurely dolomiUc or epigenetically to late diagenetically silicified samples only faint differences in colour and/or crystallite size were observed; cryptalgal structures may be obliterated or completely lacking. This microfacies type is commonly associated with type III.C (ferruginous laminites).
HI.&. Laminites with delicate parallel lamination

IH.B Laminites with undulating parallel stratification (Figs lOa, 11b)
Description: These laminites are characterised by parallel, dwavy, several mill/metres to more Note ankeritic "one-grain-laminae"; sample WAS8/177. c: Mostly agglutinated peloids and lamlnold fenestrae in a predominantly ferruglnous specimen; sample WA88/341. d: Contorted cryptalgal laminae in a slumped horizon; sample WA88/388. b. Microfacies Ill. B -Laminites with undulating parallel layering. Domal cryptalgal structure on top of an ankeritic layer, mimicked by the overlying spar-dominated and ankeritic layers. This points to unpreserved, but essential cryptalgal activity also in the spar-dominated layer and to its rapid cementation; sample WA88/340. than one centlmetre thick layers. As in microfacies II. A (lamlnites with delicate parallel lamination), some purely dolomitic samples are throughly recrystantsed and record only faint relics of wavy internal bedding. Samples with alternate spardominated and ferruginous ("ankeritic") layers clearly exhibit primary sedimentary structures and textures. Spar-dominated layers contain single peloids, clotted peloids and small lumps, all arc markedly ferruginous and identical to the components predominating in the ankeritic layers. The components within the spar-dominated layers are arranged more or less horizontally, commonly in a crinkled or slightly updomed manner. They form dotted "one-grain" laminae to mushy multi-grain laminae. Ankeritic layers often comprise horizontally layered, densely packed tiny peloids. The boundaries between the laminae show gradation in ferruginous components. Thus, they can form a mushy network with laminar fenestrae and/or birdseyes at the base and/or top of the dense ankerltic layers (Fig. 10a) . Low domal structures are present at the top of some ankeritic and spardominated layers ( Fig. 1 lb and lOa) . In this way, they demonstrate the former existence of unpreserved (i.e. not mineralised) cryptalgal structures also within the spar-dominated layers, as well as rapid cementation.
III.C Ferruginous ("ankeritic") laminites (Figs 8c, lOb, c}
Description: This microfacies type forms ankeritic layers several cent/metres thick many of which are closely associated with microfacies III.A (laminites with delicate parallel lamination; compare Fig. 10c ). In fact, some samples represent III,a, laminites with minor spar-dominated laminae. Other samples, however, are characterised by horizontally laminated, densely packed, clotted peloids and very delicate fenestral structures (Fig. 8c) , thus resembling the ankeritic layers of microfacies type III.B (laminites with undulating parallel layering). Tiny, (up to 5 rnm high} domal, stromatolites also occur (Figs. 10b, c) . Quite homogeneous ankeritic masses with only faint traces of lamination are thought to be the result of diagenetic overprint.
Interpretation: Since a cryptalgal origin for most of the samples is evident, a protected intertidal to marginal supratidal deposition is postulated for the laminites. The samples closely resemble the contemporary ,smooth algal or cryptalgal mats, that flourish na~Inly in the lower intertidal zone of protected embayments of Shark Bay, WesternAustralia (Davies, 1970; Logan etal., 1974) . Eriksson and Truswell (1974) and Eriksson (1977) described analogous laminltes in the Lower Proterozoic carbonates of South Africa.
THE DEPOSITIONAL REALM
In the Prleska facies, cryptalgal sediments (different types ofbindstones and laminites) predominate. Rare allochemical carbonate sediments are either reworked cryptalgal sediments or represent brief intermittent higher energy episodes in a shallow subUdal environment where oncoids were formed by cyanobacterial and algal activity. Contemporary environments where algal mats form, namely Shark Bay and the Persian Gulf, are obvious models of the Proterozoic depositional environment (Eriksson and Truswell, 1974; Eriksson, 1977) . Deposition of the Campbell carbonate sediments along the Orange River between Prieska and Westerberg probably took place predominantly in a protected intertidal to supratidal realm. The different cryptalgal facies types suggest that the shoreline was unstable.
The most restricted facies is represented by microfacies type II.C (laminoid cryptalgal bindstones), which is corelated with present day blister algal mats from upper intertidal and supratidal zones. The remaining cryptalgal bindstones and laminites are different morphological, i.e. environmental and/or biological expressions of the contemporary smooth algal mats described from Shark Bay. Although they are confined mainly to the lower intertidal zone, they also extend into the middle intertidal zone.
A paleoenvironmental differentiation of the corresponding facies types is difficult, but could be achieved by relying on the different thicknesses and morphological expression of the the cryptalgal laminae. Logan et aL (1974, p. 152) and Monty (1976) showed the complex modes of origin of layered cryptalgal fabrics. However, the growth of different laminae is governed mostly by periodic or episodic changes, whereas a single lamina is considered to represent a continuous growth process. Growth interruption seems more probable in more restricted higher intertidal zones or in tidal ponds. Therefore, thicker cryptalgal laminae with less regular surfaces are expected to predominate in the latter environments. According to this model, microfacies type III.A (laminites with delicate parallel lamination) should reflect very thin films of restricted algal growth, probably on often emergent tidal fiats. Desiccation cracks and hardgrounds displaying typical features such as relief formed by erosion or dissolution of the underlying sediment, or overgrowth by ferruginous stromatolites, are almost restricted to this type. Eriksson and TrusweU (1974) considered fiat (smooth) laminites from the South African Proterozoic to be mostly of upper intertidal to supraUdal origin and mentioned the possibility of evaporite replacement. The microfacies types II. B (laminated cryptalgal bindstones) and III. B (laminites with undulating parallel layering), recording a more pronounced algal growth of thicker algal laminae with slightly undulating surfaces, occur in a less restricted, lower intertidal environment or in tidal ponds. StromatoliUc cryptalgal bindstones of the Conophyton-type described (microfacies II. A) are still of intertidal origin. The distinct inclination of the small domes and their oncolitic bases indicate slightly agitated environments in a lower subtidal realm.
The low energy environment is exemplified by the almost complete lack of reworking, which is restricted to some fiat-pebble conglomerates. Additionally, tidal creeks and other morphologic features subdividing the environment are very rare. The main sedimentary environment is therefore interpreted as a protected tidal fiat extending into the supratidal zone, adjacent to a deeply eroded terrestrial lowland. Eriksson and Truswell (1974) regarded carbonate sediments with fiat (smooth) laminites from the northern Cape, south of Vryburg, similar to those described in the present paper, as upper intertidal to supratidal deposits. Beukes and Lowe (1989) interpreted stratiform stromatolites from the Archean Pongola Group to be intertidal. Beukes ( 1978; 1980a) interpreted the Prieska facies as turbiditic or endoclastic basinal facies. The facies described in this paper suggest that Beukes (1978; 1980a) interpretation cannot be upheld as the rocks are exclusively shallow subtidal or supratidal deposits. The recorded facies and microfacies in the Campbell carbonates clearly prove the existence of tidal fiats along the present southwestern margin of the Kaapvaal Craton.
REGIONAL CONTEXT
Most of the studied material is highly ferruginous. The Campbell Dolomite in the vicinity of Prieska was thus described by Eriksson et al. (19761. Button (1976) showed iron formations in the eastern Transvaal to be an end member in a succession of carbonate cycles; iron precipitation took place in a barred basin or lagoon, i.e. in the most marginal zone of the basin. Beukes (1978) Mainly intertidal facies, Mg-and Mn-dominated (Beukes, 1978) ~_ Ghaap Plateau Mainly subtidal platform facies, Mn-dominated facies (Beukes, 1978) Flg. 12. Simplified cross-section through the Ghaap Group carbonates from the north to the south (after Beukes, 1978) . The Fe-dominated, predominantly intertidal to supratldal facies (Pl-leska facies) was interpreted by Beukes, 1978 as basinal sediments. The re-interpretatlon implies that the transgressions progressed from north to south and each transgression was followed by regression, that resulted in shallowing upward mega-cycles described the Prieska facies and the Gamohaan Formation as Fe-domlnated whereas the Ghaap facieswere MnandMg domlnated (Fig. 12) . Eriksson et aL (1976) assumed that sedimentation of the Transvaal Supergroup took place in an epeiric sea during a tlme when the atomosphere was oxygen deficient and richer in CO a than at present. From solubility graphs they assumed that iron carbonates would precipitate first with increasing pH, followed by Fe-Ca and Fe-Ca-Mn carbonates with increasing pH and decreasing Fe in solution. Eriksson et al. (1976) consider these predicted geochemical facies to be represented in the northem Cape by the BIF, limestone with Fe-rich dolomites and subtidal Fe-poor carbonates respectively. Erlksson etaL (1976) also discussed the influence of meteoric waters as pH-lowering agents, leading to recrystallization, diagenetic silicffication and dolomitization. Danielson (1990) investigated the REE chemistry of the different formations and lithofacies of the Ghaap Group north of Griquatown Fault Zone and concluded that the Monteville and Gamohaan Formations, representing the Prieska facies in this area, have REE patterns typical for marine water at shallow depth. The light gray dolomites and limestones with stratiffed stromatolites and laminoid fenestrae fabric and the net-like fenestrae dolomite were found to have REE patterns influenced by sea water -fresh water mixing or by oxidation of organic material. Our interpretation of the Nouga Formation supports the model of Eriksson et aL (1976) and the findings by Danielson (1990) . Noteworthy is the fact that some authors discussed a similar Fe-Mn behaviour for oxidizing conditions. For instance, Gatrall et aL (1972) interpreted the high Fe-Mn ratio in Jurassic ironstones and limonRe concretions as an effect of river drainage. Ae.~ording to these authors, because of its tendency to oxidation, iron is deposited in shelf regions while manganese is transported towards the pelagic oceans. Consequently ferromanganese nodules.characterize more open sea deposits than the limonttic Jurassic "snuff boxes" of southern England. The Griqualand West sedimentary basin was located on the craton and no evidence has been found for its southern connection to oceanic realms. We therefore assume that the Lower Proterozoic Kaapvaal Craton extended further to the south of Its present boundaries as suggested by Altermann and HtHbich (1990) . The non-palinspastic paleogeography shows the presence of intertidal to supratidal fiats in the Prieska area; intertidal to supratldal fiats were also reported from the vicinity of Vryburg (NE of Kuruman) by Truswell and Eriksson (1973) . Subtidal conditions are best developed around the Kuruman to Griquatown Fault Zone (Fig. 1) . The area between Kuruman and Griquatown must therefore represent the deepest part of the Griqualand West sedimentary basin during the deposition of the Ghaap Group.
The Griquatown Fault may thus be considered to be a synsedimentary normal fault, separating slowly subsiding tidal fiats in the south from rapidly subsiding area in the north. As a result, more open marine sediments with well developed subtidal environments and a greater thickness of the sediments accumulated in the north. Beukes (1978; 1980a) proposed a more rapid subsidence and development of basinal facies south of the Griquatown Fault. Altermann and Htllbich (1990) interpreted the Griquatown Fault as a thrust, repeatedly reactivated during the tectogenesis of the southwestem Kaapvaal Craton. In the case of a synsedimentary fault, it is difficult to explain why the thickness of the carbonates south of this zone rapidly decreases, whereas the thickness of BIF rapidly increases, when one assumes coninuous subsidence during both sedimentation periods. Altermann and H~Ibich (1990) attributed the increasing thickness of BIF sediments to folding and thrusting that affected them. The same can be expected for the Ghaap plateau Dolomite Formation. In fact, In the Debeerskloof region thrusts were found also in the Ghaap carbonates (Altermann and H~bich (1990) , where they invert the entire stratigraphy of the Transvaal Supergroup.
